Melatonin, a circadian hormone, has been reported to improve host lipid metabolism 23 by reprogramming gut microbiota, which also exhibits rhythmicity in a light/dark 24 cycle. However, the effect of admistartion of exogenous melatonin on the diurnal 25 78 compositions [16]. We further confirmed the underlying mechanism of melatonin in 79 HFD-induced lipid dysmetabolism which may be associated with reprogramming gut 80 microbiota, especially, Bacteroides and Alistipes-mediated acetic acid production 81 [17].
RT-PCR
Total RNA from liver samples was isolated from liquid nitrogen frozen and ground 141 tissues with TRIZOL regent (Invitrogen, USA) and then treated with DNase I 142 (Invitrogen, USA). The reverse transcription was conducted at 37°C for 15 min, 95°C 143 5 sec. Primers used in this study were designed according to mouse sequence 144 (Additional file 1: Supplementary table1). β-actin was chosen as the house-keeping 145 gene to normalize target gene levels. The PCR cycling condition and the relative 146 expression were according to previous studies [29] [30] [31] [32] [33] [34] [35] [36] . Total genome DNA from colonic samples was extracted for amplification using 150 specific primer with the barcode (16S V3+V4). Sequencing libraries were generated 151 and analyzed according to our previous study [29, 37, 38] . OTUs were further used 152 for genome prediction of microbial communities by Tax4Fun analysis [39] . 166 Body weight was recorded in the current study and the results showed an increase in 167 final body weight after 2-week HFD feeding (P<0.001) (Figure 1 A and B ). Our 168 previous study confirmed that administration of exogenous melatonin improved subcutaneous adipose accumulation in HFD-fed mice [17] , the relative weight of 175 Circadian clock and metabolism are generally impaired in HFD-fed mice [23, 41] . 176 Thus, we further analyzed the diurnal variation of circadian clock genes (Clock, Cry1, 177 Cry2, Per1, and Per2) in response to HFD and administration of exogenous melatonin 178 (Figure 2 A; Table 1 ). Interestingly, Clock mRNA showed significant rhythmicity in 179 the liver of control (P<0.01) and MelHF (P<0.05) mice, but not in HFD group 180 (P>0.05), whereas the expressions of Cry1, Cry2, Per1, and Per2 in the liver of 181 showed a significant daily rhythm in all groups (P<0.05). 194 To check if the serum lipid rhythmicity was associated with the liver expression of 195 clock genes, we performed Pearson correlation analysis among serum lipid indexes 196 and circadian clock genes (Clock, Cry1, Cry2, Per1, and Per2) ( Figure 2C ).
Melatonin affectes clock gene expression in HFD-fed mice
197 Surprisingly, serum TG concentration was positively correlated with Clock expression 198 but exhibited a negative correlation with the mRNA levels of Cry2 and Per1 199 (P<0.001). Together, the rhythmicity of lipid indexes widely existed in the blood and 200 was markedly associated with clock genes expression, especially for TG 201 concentration. The daily rhythm TG was impaired in the HFD-fed mice, which was 202 markedly improved by administration of exogenous melatonin. Gut microbiota has been identified as a key element involving in host circadian 207 rhythms and itself also undergoes circadian oscillation, which is disturbed in HFD-fed 208 mice or obesity model [23, 24, 42] . Our previous study demonstrated that melatonin 209 treatment improved lipid metabolism by reprogramming gut microbiota in HFD-fed 210 mice [17], thus we hypothesized that administration of exogenous melatonin will 211 improve the daily rhythm of gut microbiota.
212
Mice were sacrificed every 4 h within 24 h period and metagenomic DNA was 213 extracted from the cecal contents. Gut microbiota was tested by 16S rDNA 214 sequencing and the compositions were similar to our previous study [17] that the 215 largest phyla Bacteroidetes was reduced and Firmicutes abundance was increased in 216 HFD-fed mice, while melatonin reversed these alterations ( Figure 3A) . HFD groups (P<0.05) ( Figure 3C ; Table 3 ). Firmicutes relative abundance peaked at 220 4:00 in the HFD group, but at 8:00 in the control and MelHF groups ( Figure 3C ).
221
However, Proteobacteria and Actinobacteria failed to show a diurnal variation at the 222 phylum ( Figure 3C ; Table 3 ).
223
At the genus level, 18 genera were mainly analyzed and most of them exhibited a showed a daily rhythm only in the melatonin treated mice. Oscillibacter, Rikenella, 230 and Lachnoclostridum were markedly cycled in the control and HFD groups (P<0.05), 231 but not in the MelHF group (P>0.05). Anaerotruncus showed a diurnal pattern only in 232 the control and MelHF groups (P<0.01), but not in HFD-fed mice (P>0.05). We also 233 noticed that Lachnospiraceae was rhythmic in the HFD and MelHF groups (P<0.05), 234 but not in the control group (P>0.05). In addition, Lactobacillus and 235 Ruminiclostridium exhibited rhythmicity regardless of HFD and melatonin challenges 236 (P<0.05).
237
Collectively, our data shown that most of the microbiota exhibited a daily variation 238 and the rhythmicity of the microbiota was similar between control and MelHF groups, 239 suggesting that the diurnal network of gut microbiota was affected by HFD and 240 reversed, at least in part, by administration of exogenous melatonin (Additional file 2: 258 We then investigate whether gut microbiota also show an association with clock genes 259 expression and serum lipid levels ( Figure 5A ). Four genera (Alloprevotella, 260 Parabacteroides, Rikenella, and Alistipes) were identified to be positively correlated 261 to Clock mRNA (P<0.05) ( Figure 5B ), while Helicobacter, Lachnospiraceae, and
Gut microbiota correlated with clock genes and serum lipid levels

262
Anaerotruncus showed a negative association with Per1 mRNA (P<0.05) ( Figure 5C ).
263
Six genera exhibited high correlation with Per2 mRNA, which positively correlated to Anaerotruncus (P<0.01) were found to be correlated to Cry2 mRNA ( Figure 5F ).
272
Together, fourteen genera were found to correlate with clock genes expression, 306 We next transplanted fecal microbiota at two different time points (8:00 and 16:00) 307 from control, HFD, and MelHF groups into antibiotics-treated mice to investigate the 308 response to HFD feeding. Body weight was recorded and no significant difference 309 was noticed between two time points ( Figure 9A ). Interestingly, the relative weight of 
315
Similar to our previous study [17] , microbiota transplantation at 8:00 from HFD 316 group tended to enhance serum TG, CHOL, and HDL concentrations, which were Figure 9E ) compared with the 16:00 microbiota transplantation ( Figure 9B ). However, serum CHOL and and HDL levels 324 were lower at 16:00 than these at 8:00 of HFD-derived microbiota transplantation 325 (P<0.05) ( Figure 9E-G) . No difference was noticed between two time points in the 326 MT-MelHF group. 
Discussion
329
We have previously shown that admistration of exogenous melatonin improved 
